Unless otherwise stated, reactions were performed under an argon atmosphere and chemicals were used as received without further purification. Ubiquitin S57C and K48C were expressed as described previously by Sass et al., selectively 15 N leucine labelled hCA II S166C as described by Varghese et al. [1] [2] Tagging reactions were performed with a conversion of > 95% at a protein concentration of 100 µM using 6.0 eq. (ubiquitin) or 10.0 eq. of the LCT (hCA II) in 10 mM phosphate and 0.3 mM TCEP buffer with pH 7.0 at rt overnight. 1 H-15 N HSQC and 1 H-15 N HSQC IPAP spectra were measured in 10 mM phosphate buffer with pH 6.0 (ubiquitin S57C and ubiquitin K48C) and pH 6.8 (hCA II S166C) at a temperature of 298 K on a 600 MHz Bruker Avance III NMR spectrometer equipped with a cryogenic QCI-F probe. The obtained NMR spectra were assigned using CcpNmr Analysis. 3 The tensor properties were then obtained by fitting the residues in secondary structure elements of ubiquitin (PDB 1UBI 4 and 2MJB 5 ) or the leucine residues of hCA II (PDB 3KS3 6 ) using Numbat. 7 The metal centres were found in a distance of 6.1-7.0 Å from the C beta of the cysteine residue. PCS anisotropy parameters were derived exclusively from PCS data sets, while RDC anisotropy parameters were derived exclusively from RDC data sets with the metal position from the PCS data set as additional input. Q-factors were calculated using the following equation:
pyridine (125 mg, 0.455 mmol, 2.6 eq.) was added to tri-tert-butyl 2,2',2''-((2S,5S,8S,11S)-2,5,8,11-tetraisopropyl-1,4,7,10-tetraazacyclododecane-1,4,7-triyl)(2R,2'R,2''R)-tripropionate (127 mg, 0.175, 1.0 eq.) in acetonitrile (10 ml) and the mixture was stirred for 4 h. Then potassium iodide (75.5 mg, 0.455 mmol, 2.6 eq.) was added and the mixture was stirred for 3 d at rt. The mixture was filtered and the solvent evaporated under reduced pressure. The residue was subjected to preparative HPLC to give tri-tert-butyl 2,2',2''-((2S,5S,8S,11S)-2,5,8,11tetraisopropyl-10-((2-(methylthio)thiazolo [5,4- 
Overlay of 1 H-15 N HSQC spectra of Dy-P4T-Ub K48C (blue), Tm-P4T-Ub K48C (red) and Lu-P4T-Ub K48C (black) attached to ubiquitin K48C
Measured in 10 mM phosphate buffer with pH 6.0 at a temperature of 298 K on a 600 MHz Bruker Avance III NMR spectrometer equipped with a cryogenic QCI-F probe. 
Overlay of 1 H-15 N HSQC spectra of Dy-P4T (blue), Tm-P4T (red) and Lu-P4T (black) attached to selectively 15 N leucine labeled hCA II S166C
Measured in 10 mM phosphate buffer with pH 6.8 at a temperature of 298 K on a 600 MHz Bruker Avance III NMR spectrometer equipped with a cryogenic QCI-F probe.
Figure S10:
Overlay of 1 H-15 N HSQC spectra of Dy-P4T (blue), Tm-P4T (red) and Lu-P4T (black) attached to selectively 15 N leucine labeled hCA II S166C. 
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